In-hospital cardiac arrests (IHCA) requiring cardiopulmonary resuscitation (CPR) are common occurrences in the United States and worldwide. [1] [2] [3] [4] [5] [6] In a large epidemiological study utilizing a nationwide sample in the United States, between the years 2000 and 2009, the rate of IHCA-CPR increased from 1 case per 453 to 1 case per 339 hospitalized patients. 3 Although the overall survival to discharge rates have improved in the past decade, mortality rate remains high with fewer than 25% of CPR recipients surviving to discharge. 2, 5 Comparatively, survival rates are much lower in patients with hematological malignancies, metastatic disease or in recipients of stem cell transplantation (SCT). 7 CPR in SCT patients is thought to be a low yield intervention, occasionally labeled 'heroic effort' and often deemed futile. These perceptions are based on older data, smaller numbers and a few single-center experiences; 7 and are not infrequently just anecdotal. Hospitalized SCT recipients are a unique population; and partly due to their immunosuppressive regimen, underlying medical condition necessitating SCT and/or associated comorbidity are at a higher risk of infection, multiorgan dysfunction and/or cardiac arrest compared with their hospitalized counterparts. However, current national estimates of CPR and associated outcomes in hospitalized SCT recipients are lacking.
SCT procedural volume and associated hospitalizations are increasing in the United States and worldwide. 8, 9 It is imperative to identify and evaluate the risk factors associated with IHCA requiring CPR in this cohort so as to inform the patients, surrogates or providers involved in care and to optimize outcomes.
The objectives of the present study are several. First, we sought to estimate the prevalence of in-hospital cardiac arrests necessitating CPR in hospitalized adult stem cell transplant recipients in the United States. We then examined patient-level factors associated with having CPR in this cohort. Furthermore, we evaluated the impact of CPR on outcomes, specifically, hospital charges (HC), length of stay (LOS) and in-hospital mortality (IHM). We hypothesized that infection and higher comorbid burden are independent predictors of IHCA requiring CPR in hospitalized SCT recipients.
We performed a retrospective analysis of the Nationwide Inpatient Sample (NIS) for the years 2004-2010. The NIS is the largest publicly available all-payer longitudinal hospital inpatient discharge data set in the United States and approximates a 20% stratified sample of discharges from the community hospitals representing 95% of the US population. Weighted, the NIS estimates more than 36 million hospitalizations nationally. 10 The NIS has safeguards to protect the privacy of individual patients, hospitals and physicians and per data user agreement any cell counts less than 11 cannot be reported and will be documented as DS (discharge information suppressed). The present study was granted 'exempt' status by the Institutional Review board of the University of Iowa.
All patients 418 years who had SCT procedures (ICD-9-CM codes 41.00 through 41.09) were selected. 11 All hospitalized SCT recipients who had an in-hospital cardiac arrest of any cause and received CPR were identified using ICD-9-CM codes (99.60-CPR, not specified; 99.63, closed chest cardiac massage). 3, 12 The primary outcomes included IHM, LOS and HC. All hospitalization charges were adjusted to the year 2010 US dollar values. The NIS comorbid severity files were used to estimate the comorbid burden. This included 29 different comorbid conditions.
The impact of CPR on HC and LOS was examined by multivariable linear regression analyses. For IHM, multivariable logistic regression was used. The effects of confounding factors such as age, sex, race, insurance status, type of SCT, type of admission, comorbid burden, hospital teaching status and hospital region were adjusted. The effects of a heterogeneous mix of patient-related factors on the odds of having CPR were computed by using multivariable logistic regression analysis. The unit of analysis was each individual hospitalization. The effects of clustering of outcomes were adjusted in the regression models. All statistical tests were two sided and a P-value of o0.05 was deemed to be statistically significant. SAS Version 9.3, (SAS Institute, Cary, NC, USA) and SUDAAN Version 10.0.1(Research Triangle Institute, Durham, NC, USA) softwares were used.
During the study period 85 772 patients had SCT. The mean age was 50.7 years and 59% were males. CPR was performed in 0.3% of patients. Table 1 describes the demographics and overall outcomes. Outcomes (with CPR vs without CPR) include: median charges ($264 104 vs $191 471), median LOS days (21.1 vs 20.3), respectively. CPR was associated with significantly higher HC (23.5% higher, P = 0.01). LOS were not significantly associated with CPR following adjustment of confounders. IHM (wCPR vs woCPR) was 78.2% vs 4.3% (wCPR: odds ratio (OR) = 112, 95% confidence interval (CI) = 35-361, P o0.0001, ref woCPR). Table 2 delineates the predictors of CPR in the hospitalized SCT cohort. Blacks (OR = 2.39, 95% CI = 1.06-5.40, P = 0.04, reference whites), increase in comorbid burden (OR = 1.42, 95% CI = 1.24-1.62, Po 0.0001), and those who developed septicemia (OR = 2.95, 95% CI = 1.51-5.78, P o 0.0001) or pneumonia (OR = 3.27, 95% CI = 1.69-6.33, P o 0.0001) were associated with significantly higher odds for having CPR.
There is ample evidence that the data of CPR outcomes influence patient preferences in end of life decision making. 13 Physician-patient or surrogate discussions pertaining to 'Do not attempt resuscitation' (DNAR) status in SCT recipients are complex, partly owing to the lack of data specific to the population of interest, and are frequently based on extrapolations from unselected CPR patient populations' or caregivers' individual past experiences. The available older data or single-center experiences suggest that CPR in SCT recipients is near futile. 7 To promote informed decision making it is imperative that current estimates of CPR in SCT recipients are delineated. Using the largest all-payer inpatient discharge data set in the United States we show that nearly 1 in 330 hospitalized SCT recipients have a CPR event. Although, SCT recipients who had a CPR event had a very high odds of mortality, nearly 22% survived to discharge. Furthermore, we identified that the occurrence of septicemia or pneumonia, African American race and higher comorbid burden are independent predictors of having a CPR event while hospitalized. In addition, the significant economic impact of a CPR event on hospitalized SCT recipients is highlighted.
The IHCA-CPR rate in our study population is comparable to other available large epidemiological 'unselected' population IHCA-CPR rates. [1] [2] [3] More importantly, the survival to discharge rate is also comparable to the unselected population rates. 5 We hope that this finding will provide an impetus to further explore the factors associated with survival in this cohort and thereby optimizing outcomes in future. Although we assessed the available variables in the NIS data set to delineate the risk factors associated with CPR events in this study, omitted variable bias is a Parameter estimate: positive estimate implies higher value. The value 0.2113 implies that those who had CPR had 21.13% higher hospitalization charges when compared with those who did not receive CPR. Likewise, negative estimates implies lower value. The value −0.0286 implies that those who had CPR had 2.86% lesser length of stay in hospital compared with their counterparts. However, this did not meet statistical significance since the 95% CI estimate crossed over to positive estimates (P = 0.68).
significant limitation. A prior study using the National Registry of Cardiopulmonary Resuscitation (NRCPR) identified that presence of particular comorbidities such as hepatic dysfunction, immunodeficiency, acute stroke and renal failure were associated with lower survival rates in recipients of CPR; and that, in general, the more pre-existing comorbidities a patient has, the less likely they are to survive the CPR event. 1, 14 Our study adds to the available literature that higher comorbid burden increases the risk of having an IHCA necessitating CPR even in SCT recipients. Prior studies have also shown that African Americans prefer more aggressive life-sustaining procedures and care with associated higher costs compared with Whites. 15 In the present study, we identified that African Americans are at higher odds of receiving CPR and there was no statistically significant difference in the LOS between those who had CPR and their counterparts, which could be partly explained by the high mortality rates in the CPR cohort.
It is well known that infections are a major cause of morbidity and mortality in immunosuppressed populations and, hence, it is not surprising that in our study hospitalized SCT recipients who developed septicemia and pneumonia had a higher risk of having in-hospital cardiac arrest necessitating CPR. Nevertheless, the present study reveals and highlights that infections are common in hospitalized SCT recipients (nearly 32% in no-CPR group and 62% in CPR cohort developed an infection). Furthermore, the substantial HC associated with a CPR event should be an incentive for stakeholders to prevent or minimize the risk of occurrence of IHCA in this complex cohort.
Our study offers initial insights into a complex, common yet under researched area in stem cell transplant recipients. The strength of the present study lies in the breadth and size of the sample. To our knowledge, this is the largest cohort of hospitalized SCT recipients who received CPR in whom the outcomes are assessed at a National level. The findings from this study represent practices beyond single-center experiences and are likely generalizable. The high charges of admissions associated with IHCA and CPR highlights the opportunities for early discussion of patient goals of care and treatment wishes in the event of the onset of comorbidities that may lead to such events. Furthermore, opportunities for optimization of care of the SCT population should include strategies for early identification and management of comorbidities and infections in this high-risk population. Hospital wide implementation of recognition of 'early warning signs' of impending cardiac arrest may decrease the IHCA arrest rates.
There are limitations to our study and they are mainly related to the use of large administrative data sets; however, the utility, validity and reliability of the NIS data sets have been well described in the literature. 3, 9, 10 The retrospective design of our study precludes us from drawing a true cause and effect relationship, nevertheless, the associations we found appear to have merits. Our study identified only those patients who had an IHCA and received CPR, it did not identify the population who had IHCA but did not receive CPR due to DNAR status or deemed futile. This may potentially underestimate the survival rate identified in our study. Nevertheless, the 21.8% survival to discharge rate identified in our study is considerable and probably suggests that a subset of SCT recipients may be salvageable or at least demystifies the false notion that CPR in SCT recipients is futile. Lack of patient identifiers in the NIS sample precludes us from identifying those patients who had more than one CPR event during their hospital stay. In addition, lack of certain physiological/ biological variables in NIS precludes us from further risk assessment (for example, APACHE, MODS, SOFA and so on). Finally, the interpretation of salvageability and lack of futility with CPR as survival to discharge of a subset of SCT patients may be confounding, given the high charges and lack of information about readmission rates for the studied population, the incidence of repeat cardiac arrest or CPR either at the same admission or another, the patients' perceived quality of life after CPR, the patients' functional and cognitive status, the disposition locale at discharge (nursing home vs home) and the length of survival after the post-CPR discharge. Despite these limitations and pending future studies, the findings in our study may enable some reasonable initial evidence-based DNAR discussions amongst the patient, provider and other stakeholders.
In this large cohort of hospitalized SCT recipients nearly 1 in 330 had a CPR event. The overall survival rates of IHCA necessitating CPR in SCT cohorts is comparable to the survival rates in unselected patients from large registries. Pneumonia, septicemia and higher comorbid burden are independent predictors of having CPR. The hospital resource utilization associated with a CPR event is considerable. Twenty-nine comorbid conditions were selected from the NIS severity files. These included AIDS, alcohol abuse, deficiency anemias, rheumatoid arthritis/collagen vascular diseases, chronic blood loss anemia, congestive heart failure, chronic pulmonary disease, coagulopathy, depression, diabetes-uncomplicated, diabetes-with chronic complications, drug abuse, hypertension, liver disease, lymphoma, fluid and electrolyte disorders, metastatic cancer, neurological disorders, obesity, paralysis, peripheral vascular disorders, psychoses, pulmonary circulation disorders, renal failure, solid tumor without metastasis, peptic ulcer disease excluding bleeding, valvular disease and weight loss. The occurrence of each of these conditions was summed to compute the comorbid burden.
